abstract: In 1947, when Thor Heyerdahl's Kon-Tiki hit ground in the Tuamotu archipelago, 102 days and ∼4,000 km from its point of origin in South America, he inadvertently provided support for one of the most remarkable hypotheses of vertebrate dispersal. Iguanid lizards and boine snakes are ancient Gondwanan lineages whose distribution has been demonstrated to have been influenced by continental drift. Their enigmatic presence on the islands of the Pacific, however, has drawn fantastical conclusions of more than 8,000-km rafting from the Americas. We reexamine the hypothesis of dispersal in light of new molecular data and divergence time estimates. Our results suggest an early Paleogene (50-60 million years) divergence of these groups and the plausibility of an Asiatic or Australian (over land) source. Because the subfossil record indicates that iguanas (but not snakes) were a primary food source of island inhabitants, the absence of these species from islands with a longer history of human presence is unsurprising. Together these findings are taken as evidence of the influence humans have had on these taxa and are put forth as an example of anthropogenic obfuscation of biogeographic history. We suggest that this history is one of terrestrial connections permitting the colonization of the islands of the Pacific.
Background
The unlikely occurrences of iguanid lizards and boine snakes on the islands of the southwest Pacific Ocean have intrigued biologists since their discovery. These distributions are enigmatic because the vast majority of iguanid and boine diversity is found in the New World, with some representatives in Madagascar and Afro-India (Noonan and Chippindale 2006a, 2006b ). Few attempts have been made to explain the Pacific occurrence of these groups because vicariance scenarios are confounded by the absence of both fossil and extant Australian and mainland Asian forms; alternative explanations entail an 8,000-km swim, rafting on a misplaced landmass, or an expanding earth (Sites et al. 1996; McCarthy 2003 McCarthy , 2005 Keogh et al. 2008) . Recent advances in methodologies, including divergence time analysis, changes in our understanding of boid and iguanid relationships, and the geological history of the islands of the Pacific, allow us to revisit this previously intractable biogeographic question.
The complexity of the biogeographic patterns in the Pacific are largely the product of the following two processes: (1) fragmentation of a Gondwanan biota whose distributions across some modern continents may have been continuous as recently as the late Paleogene and (2) dispersal from Laurasian and Gondwanan landmasses to both continental fragments and oceanic (e.g., volcanic or coralline) islands. After the gradual acceptance of the theory of continental drift (Wegener 1912) in the 1960s, biogeographic hypotheses linking observed biotic distributions to the fragmentation of the supercontinents Gondwana and Laurasia became plausible. Nowhere was this foundation for biotic distributions more welcome than the Southern Hemisphere. Alternative explanations (e.g., repeated oceanic dispersal) for the similarities between the flora and the fauna of Australia, the Pacific islands, Africa, and South America were now considered to be far less likely.
However, as methodological approaches to biogeography have advanced, biotic patterns are revealing themselves to be far more complex than can be explained by a simple model of drift vicariance (isolation by physical separation of continental fragments; de Queiroz 2005; McGlone 2005 ). The Pacific, where a large number of continental fragments have been isolated for varying lengths of time and to varying degrees from other landmasses, is no exception. For example, recent evidence suggests that the presence of one of the classic Gondwanan lineages (Nothofagus) on a number of continental islands of the Pacific is the result of dispersal (Knapp et al. 2005) . Surprisingly, some insular lineages are actually younger than fossil evidence of those taxa on that same island, suggesting that the lineage was present in Gondwanan times, became extinct, and then recolonized the island (Cook and Crisp 2005) . These complex patterns should not be surprising, but only with recent methodological advances are such determinations possible.
The vast majority of groups suggested to be representative of Gondwanan vicariance are plants and invertebrates (Craw et al. 1999; Sanmartin and Ronquist 2004) . Few extant vertebrates (ratite birds [Cooper et al. 2001; Haddrath and Baker 2001] , chelid and podocnemid turtles [Noonan 2000; Noonan and Chippindale 2006b] , and lungfish [Pitman et al. 1993] ) exemplify past and present distributions and estimates of divergence time that support a pattern of drift vicariance. Additionally, two lineages of reptiles have frequently been included in these discussions: iguanid lizards and boine snakes. Both are present in Madagascar, South America, and the Pacific. While their occurrence in Madagascar is likely the result of drift vicariance (Noonan and Chippindale 2006b) , the circumstances behind their occurrence in the Pacific have yet to be rigorously tested (Austin 2000; Vences et al. 2001) . The case for drift vicariance of these two groups is confounded by their complete absence from Southeast Asia and Australia, though iguanid fossils are known from Cretaceous deposits in Mongolia (Gao and Norell 2000) . However, the paleofauna of both of these regions is particularly poorly known and should not be taken as evidence of true historical absence. Common to both of these groups is a diverse radiation in the New World, a depauperate Malagasy fauna (three to six species), and similarly small Pacific clades (three species of each).
Though overlapping, boine and iguanid distributions in the Pacific are quite different ( fig. 1 ). While the iguanids, represented by a single extant genus Brachylophus, are present only on the Fiji and Tonga archipelagoes, boines of the genus Candoia range from Samoa in the east to New Guinea and surrounding islands in the west. Fossil representatives are unknown outside of these areas. Given the inferred relationships of these groups, much attention has been given to the origins of these clades, with conclusions differing among studies. The broad distribution of Candoia and indirect molecular estimates of divergence time have led most authors to conclude that the presence of this group in the Pacific is relictual and likely the result of Gondwanan vicariance (Underwood and Stimson 1990; Kluge 1991; Austin 2000) or dispersal from the Oriental region (Pernetta and Watling 1978) . On the other hand, the narrowly distributed Brachylophus has long been suggested to represent a remarkable example of transoceanic dispersal (Cogger 1974; Gibbons 1981 Gibbons , 1985 , though many have invoked other mechanisms (Nur and VenAvraham 1977; Kamp 1980; McCarthy 2003 McCarthy , 2005 . This is due, in part, to the broad distribution of Candoia, including continental fragments, and the fact that Brachylophus occurs only on islands thought to be less than 40 million years (m.yr.) old (Hathway 1994; Wharton et al. 1995; Hall 2002) . Malagasy isolates of both lineages are believed to have been similarly affected by Cretaceous vicariance (Noonan and Chippindale 2006b ), and we examine here the possibility that the histories of Pacific boines and iguanas also exhibit biogeographic similarities.
Material and Methods
This study builds on previous data sets for boine snakes (Noonan and Chippindale 2006a) and iguanid lizards (Noonan and Chippindale 2006b ) by increasing both taxon and character sampling. The snake data set consists of portions of the following six nuclear loci: brain-derived neurotrophic factor precursor (BDNF); neurotrophin-3 (NT3); oocyte maturation factor (c-mos); recombination activating gene 1 (RAG1); ornithine decarboxylase (ODC); and solute carrier family 20, member 1 (SLC30A1). The lizard data set consists of portions of the following six nuclear loci: RAG1, c-mos, NT3, BDNF, ring finger protein 103 (RNF), and zinc finger homeobox 1b (ZFHX1b).
Taxon sampling of boines was comprehensive with respect to generic diversity. Outgroups were chosen on the basis of recent analyses of snake phylogeny and to facilitate placement of fossil calibrations. While we do not include all genera of iguanids in this study, we do include those representing major clades recovered in recent phylogenetic studies (Schulte et al. 2003; Townsend et al. 2004 ). Furthermore, the genus Brachylophus is always recovered as either basal in the iguanid clade (Brachylophus (Dipsosaurus (all other genera))) or just internal to the basal genus (Dipsosaurus (Brachylophus (all other genera))). This is true in all phylogenetic studies based on both morphology (de Queiroz 1987; Norell and de Queiroz 1991) and mtDNA sequence data (Sites et al. 1996; Wiens and Hollingsworth 2000; Schulte et al. 2003 Sequences were edited and aligned with Sequencher, version 4.1 (Gene Codes), and checked by eye, particularly with respect to amino acid alignment. To optimize sequence alignment (when necessary), we employed Clustal X, version 1.83 (using default parameters). To determine optimal models of sequence evolution for each locus, we employed the Bayesian information criterion implemented in DT-ModSel (Minin et al. 2003) , which uses a decision theory framework to simultaneously compare all models. All phylogenetic analyses were performed on combined nuclear DNA (nDNA) sequences. Unweighted maximum parsimony (MP) analyses were conducted using PAUP * , version 4.0b10 (Swofford 2000) . To determine node support, we performed 2,000 nonparametric bootstrap pseudoreplicates with the heuristic search option, treebisection-reconnection branch swapping, and 10 randomtaxon-addition replicates for MP analyses and 2,000 nonparametric bootstrap pseudoreplicates for maximum likelihood (ML) analyses, using GARLI, version 0.942 (Zwickl 2006 ). The substitution model of DNA evolution employed in ML analyses was obtained by DT-ModSel analysis of the combined nDNA data set (table A1) . Bayesian phylogenetic analysis of the data employed MRBAYES, version 3.1.2 (Huelsenbeck and Ronquist 2001) , with a mixed-model approach (Nylander et al. 2004 ). For each analysis/partition, we specified only the general structure of the substitution model, the shape parameter of the gamma distribution of rate variation and the proportion of invariant sites, and a flat prior for both substitution rates and nucleotide frequencies. Two parallel Bayesian searches were conducted on each data set, using four chains (one cold) for 50 million generations, sampling every 1,000 generations, for a total of 50,001 trees, of which the first 5,000 were discarded as burn-in. Adequacy of this burn-in value was determined by examining uncorrected potential scale reduction values (Gelman and Rubin 1992) , as well as plots of parameter values of the cold chain for convergence on stationarity, using TRACER, version 1.3 (Rambaut and Drummond 2003) . Results of simultaneous, independent Bayesian searches were compared to assess congruence of topologies and parameter estimates.
Divergence Time Estimation
To obtain estimates of divergence times of Pacific lineages, we implemented a Bayesian Markov chain Monte Carlo Note: Priors were enforced as either a normal distribution with standard (10) or variable (see text) standard deviation or a lognormal distribution (mean p 1; three separate runs with 1, 1.5, and 2 SD). Age of node uniting Candoia with Eryx and 95% highest posterior density (HPD) are also reported.
method that allows simultaneous estimation of phylogeny and divergence times (BEAST, ver. 1.4; Drummond and Rambaut 2007) . By implementing prior constraints in the form of a distribution rather than a hard minimum age constraint, BEAST permits the violation of calibrations in the event that they are dated, placed, or identified in error (Ho 2007) .
To explore the effects of the various potential distribution patterns for our priors, we conducted analyses with priors fit to a normal or lognormal distribution with varying standard deviations. Details of fossil calibrations and their placement are provided in table A6 in the online edition of the American Naturalist. These different treatments conducted on the snake data set are (1) age of node modeled as a lognormal distribution with a 0 offset equal to the fossil age and ; (2) same as 1, with SD p 1.0 ; (3) same as 1, with ; (4) normal dis-SD p 1.5 SD p 2.0 tribution, with fossil age equal to lower 2.5% cutoff and ; and (5) normal distribution, with 95% cutoff SD p 10 values equal to 95% confidence interval (CI) obtained from divergence time analysis of Noonan and Chippindale (2006a) , using MULTIDIVTIME (table 1) . For the lizard data set, we conducted 12 different analyses, varying combinations of the prior on the root node (normal or tree prior; normal values set so that upper and lower 2.5% cutoffs correspond to the range of 165-230 m.yr.; see table A6); the prior on the Iguania node, which unites iguanids, agamids, and chameleonids (normal or lognormal; normal values span 25-180 m.yr.); and the remaining four calibrations (varying lognormal with 0 offset p fossil age; table 2). In so doing we hoped to elucidate the effects of varying prior distributions and to assess the ability of our data to overwhelm potential inaccurate prior information and converge on accurate posterior estimates. Additionally, BEAST analyses with identical parameters and priors but without any sequence data (data matrix consisted only of three N's) were run. These analyses disentangle the effects of the joint prior and data on the posterior.
As a parallel test of our clade-specific divergence time analyses, we constructed a reptilian supertree including GenBank sequences available for RAG1, BDNF, and NT3. Divergence times were estimated on this tree with an entirely different suite of calibration points (including classic, deep vertebrate calibration points; Benton et al. 2009; fig. A1 in the online edition of the American Naturalist).
Results
The placement of Candoia as sister to the Afro/Indian Eryx mirrors the pattern reported by Noonan and Chippindale (2006a, 2006b ) but received significant support only in the BEAST analyses (posterior probability ). The [PP] p 1.0 low level of support for the relationships of the focal snake taxon (Candoia) in this study ( fig. 2) highlights one of the strengths of divergence time analyses using BEAST. By using this method, we did not have to constrain the monophyly of Candoia ϩ Eryx or Candoia ϩ Neotropical boines, as we would in MULTIDIVTIME or r8s. Thus, our posterior estimates of divergence time account for the uncertainty in the sister group for Candoia.
As in previous studies of iguanid phylogenetics ( Note: Priors were enforced as the tree prior, a normal distribution, or a lognormal distribution (Ln). zo p zero offset. Age of node uniting Brachylophus with Dipsosaurus and 95% highest posterior density (HPD) are also reported.
though the mean of all single-locus estimates differed little from the mean of the full data set (mean of single-locus m.yr.). Estimates from analysis of the mianalyses p 46 tochondrial genome suggest that iguanids are much older (Okajima and Kumazawa 2009 ), but we believe that the mitochondrion-wide convergence in Iguania recently documented by Castoe et al. (2009) has adversely affected the accuracy of these divergence time estimates.
Analysis of the squamate "supertree" in which neither iguanid nor boid calibration points were included yielded posterior estimates that differ significantly (mean m.yr.; m.yr.) from Brachylophus p 24.8
Candoia p 40.1 analyses of the boid and iguanid subsets and more recent calibration points ( fig. A2 in the online edition of the American Naturalist). Notably, other divergence time estimates throughout this topology within boids and iguanids are significantly (approximately 50%) younger than previous estimates (e.g., Malagasy iguanids and AfroMalagasy boids; Noonan and Chippindale 2006b).
Discussion
The occurrence of both Candoia and Brachylophus in the Pacific has been attributed to (1) colonization via landbridge/island-hopping from Asia (Gorham 1965; Kluge 1991; Austin 2000; McCarthy 2003 McCarthy , 2005 or Australia/ Antarctica (Tyler 1979) , both necessitating subsequent extinction, or (2) an 8,000-km trans-Pacific dispersal from the Americas (Cogger 1974; Gibbons 1981 Gibbons , 1985 Keogh et al. 2008 ). The dispersal hypothesis has rarely been applied to Candoia because of their distinctly Melanesian/ Papuan distribution (Austin 2000) , though they are also absent from extant or fossil faunas of continental Southeast Asia and Australia. Notably, a potential sister lineage (Eryx) ranges from northern Africa through India.
Given the extreme distance of the proposed dispersal event, the evidence supporting this hypothesis must be considered. We know of no other example of a terrestrial vertebrate hypothesized to have rafted across the Pacific, though there is support for trans-Atlantic crossings by terrestrial mammals (Poux et al. 2006 ) and lizards (Carranza et al. 2000; Carranza and Arnold 2003; Whiting et al. 2006; Vidal et al. 2008 ) and colonization of the islands of the Indian Ocean (Austin et al. 2004; Rocha et al. 2006) . A number of New World taxa share affinities with species in the southwest Pacific Ocean. Among vertebrates, these include frogs (Ascaphus-Leiopelma), birds (RhynochetosEurypyga), and turtles (Chelidae-Meiolaniidae), yet each of these is regarded as a Gondwanan lineage. The red mangrove Rhizophora mangle (Gibbons 1981 (Gibbons , 1985 is found throughout the New World tropics (Atlantic and Pacific) and West Africa, and this poorly dispersing species also occurs on the islands of New Caledonia, Fiji, Samoa, and Tonga (Ellison 1991) . While those invoking a hypotheses of New World-to-Pacific dispersal have readily referenced the distribution of R. mangle, those studying R. mangle itself generally consider the occurrence of this taxon on the Pacific Coast of the Americas to be the result of dispersal from (rather than to) Melanesia (Ellison 1991) . Furthermore, the Pacific and Atlantic populations are distinct species and are not sister taxa (Schwarzbach and Ricklefs 2000) .
Given the large number of documented cases of lizards traversing the Atlantic Ocean (Carranza et al. 2000; Carranza and Arnold 2003; Whiting et al. 2006; Vidal et al. 2008) , the paucity of shared taxa among South America and the Pacific is surprising. Because of the directionality of the currents-equatorial surface currents run from South America to the region around Fiji-more taxa should be expected to have distributions in both. The absence of such patterns indicates that the Pacific must be a particularly significant barrier to dispersal. Furthermore, if these Brachylophus ancestors were capable of traversing 8,000 km of open ocean, why are they found only on Fiji and Tonga? Equatorial currents continue past Fiji, and Gibbons (1985) noted large mats of vegetation capable of transporting iguanas washing out to sea from Fiji. Given these factors, the absence of these species and their fossils from other islands of the Pacific is not only confounding for hypotheses of terrestrial colonization but also equally vexing for a taxon hypothesized to possess such dispersal capabilities.
Oceanic dispersal of iguanids and/or boines to the Pacific from the Americas requires traversing the world's largest ocean. The well-documented ability of snakes (Secor and Diamond 1998) to forego feeding for extended periods makes them particularly suitable for long-distance rafting. Herbivorous iguanids are also known to go without food, though only during hibernation when cold temperatures lower metabolic rates (Tracy and Diamond 2005) . In his studies of Brachylophus, Gibbons (1981 Gibbons ( , 1985 hypothesizes the duration of such a rafting event to be 4-6 months. A "drifting bottles" anecdote (12 months; Gibbons 1985) and extrapolation of the Kon-Tiki voyage (Heyerdahl 1950) to Fiji (6 months) suggest that this may be a significant underestimate. Gibbons (1981) has suggested that this could be overcome by the majority of the voyage taking place in the egg stage, as Brachylophus have one of the longest-known incubation times, at 8-9 months (though Cogger [1974] reports a much shorter incubation of 17-23 weeks). Even if eight of these months were spent as an egg (Gibbons 1981) , survival of iguanas, or, for that matter, any other vertebrates, on a floating mat of vegetation seems highly unlikely. However, oceanic dispersal of iguanids has been documented in the past, with multiple individuals colonizing new island habitats in the Caribbean (Censky et al. 1998 ). This case involved animals floating on mats of logs dislodged by hurricanes, but distance (!300 km) and travel time (17-30 days) were much less than would be required by transoceanic colonization of the Pacific by New World species. The endemic genera of Galapagos iguanas are also widely recognized to be the product of a single oceanic dispersal event from the South American mainland, a distance of ∼970 km (de Queiroz 1987) . Like the vicariant scenarios, oceanic dispersal would require subsequent extinction of this long-incubating iguanid lineage or at least the loss of this trait in the New World.
Thus, we are left with two similarly distributed taxa, both demonstrated to represent late Gondwanan lineages (Noonan and Chippindale 2006b ) that are hypothesized to have made what is perhaps the most dramatic oceanic dispersal by any vertebrate. The alternative, colonization via a landbridge or island-hopping from either Australia or Asia, is particularly difficult to test. The argument of dispersal for iguanids to the Pacific relies heavily on their restricted distribution (Fiji and Tonga). While the age of these islands is significantly older (Late Eocene) than that of more easterly islands of Polynesia (presumably explaining absence), they are much younger than the fragmentation of Gondwana. However, biogeographers may have focused too intently on the age of the oldest rocks in Fiji (Late Eocene) and reports that the islands of Fiji are "wholly oceanic" (Nunn 1998, p. 18) . Recent tectonic reconstructions reveal that the Fijian and Tongan islands may represent composite formations of not only oceanic but also continental origin. For example, Kroenke (1996) reports that during the Eocene, 'Eua and part of Tonga were attached to the New Caledonia arc, breaking off approximately 41 m.yr. ago, a scenario supported by a recent review of historical geology of the Pacific (Hall 2002) . Eastward movement of the 'Eua ridge (proto-Tonga arc) continued throughout the Miocene until Viti Levu, the largest island of Fiji, collided with the Tonga arc, transferring a fragment of the 'Eua ridge to Viti Levu. Kroenke (1996) suggests in passing that this event may have led to the introduction of a depauperate New Caledonian biota to Fiji. Interestingly, 'Eua itself is geologically unique (Hoffmeister 1932; Bryan et al. 1972) , and it possesses the most unique and diverse forests in the Tonga group (Sykes 1978) and plant communities found nowhere else in the Pacific (Drake et al. 1996) . Similarly, Fiji supports 70 plant genera in common with Australia, New Caledonia, and New Guinea that are absent from intervening islands (Ash 1992) .
If the boines and iguanids of the Pacific are indeed derived from Australoasian stock, the drifting fragment of 'Eua or island-hopping along a Melanesian landbridge provides a suitable mechanism explaining their occurrence on these islands. Such a mechanism would also explain the origin of other Fijian fauna, extinct megapodes (one flightless) with affinities to New Caledonian species (Worthy 2000) ; the endemic elapid snake Ogmodon is an ancient lineage allied with Australian and Solomon Island species (Clunie 1983; Keogh 1998; Keogh et al. 1998) , and the two endemic anuran species (Platymantis) are the easternmost occurring members of a primarily Philippine radiation (Brown 1965) .
These possible alternatives to trans-Pacific rafting require an ancient presence in the region for both boines and iguanids. Transport on the 'Eua ridge or movement across exposed portions of a Melanesian arc would ne- (Zachos et al. 2001). cessitate that both of these lineages be present in the Eocene (∼40 Ma), whereas dispersal scenarios allow for more recent divergence (notably, the origin of Fiji does fall within the tail of the 95% CI of Brachylophus divergence; fig. 3 ). Our divergence time analyses indicate that extant boid snakes and iguanid lizards of the Pacific originated some time between the late Cretaceous and the late Eocene, with mean divergence estimates centering on a PaleoceneEarly Eocene (50-60 m.yr.) origin (fig. 3) . These lineages were then probably present in the region at a time when conditions permitted colonization of what are now very isolated islands in the Pacific Ocean. Notably, these divergence times cannot be assumed to represent the exact length of time this lineage has inhabited Fiji, only the time since their divergence from their most recent common ancestor with New World iguanids. Thus, they represent an indirect maximum possible time of colonization and not an estimate of the true colonization time.
The use of divergence time estimates to falsify hypotheses of dispersal is fraught with difficulties. Divergence estimates consistent with a proposed scenario of vicariance do not discount the possibility of contemporaneous dispersal. If the origin of Candoia and Brachylophus are the result of continental connections, a significant history of extinction has yet to be recovered from the fossil record. Such gaps in the record are not uncommon, particularly in the Southern Hemisphere, and should not be taken as evidence of true absence, as ongoing discoveries continue to validate biogeographic hypotheses (Jones et al. 2009 ). The record of herbivorous iguanids is particularly poor, with no known fossils prior to the Neogene. However, their origins must extend into the early Paleogene on the basis of the Eocene occurrence of closely related polychrotid remains (Conrad and Norell 2007) . In many iguanid groups (oplurines, crotyphytids, corytophanids, hoplocercids), the gap in the fossil record is believed to exceed 60 or even 80 m.yr. (Conrad and Norell 2007; ).
Our analyses do not permit differentiation between Asiatic and Australian origins, but each is plausible. Noonan and Chippindale (2006b) provided evidence strongly suggesting that both boines and iguanids were able to migrate between South America-Antarctica-Madagascar during the latest Cretaceous. Australia was also connected to Antarctica at this time, and evidence from marsupials and theropod dinosaurs suggests that other organisms used this route as well (Krause 2001; Smith et al. 2008) . No boine or iguanid fossils are known from Australia (though the former would be difficult to differentiate from fossil vertebrae of the diverse Australian pythonine and madtsoiid fauna), but the fossil record of this continent is surprisingly poor and cannot be taken as evidence of true absence. An Asian origin is supported by the diverse Late Cretaceous pleurodont iguanid (the group of Iguania to which Brachylophus belongs and excludes acrodont agamaids and chameleonids) fauna of Mongolia, the rich boid fauna of Eocene Europe (Rage 1984) , and the possibility that Candoia and the Afro-Indian Eryx are sister lineages (Noonan and Chippindale 2006a) . The relationships of this Cretaceous Mongolian iguanid fauna, the Gobiguanidae, appear to be securely nested within Iguanidae, though their relationships to extant iguanid lineages are unclear. The same short branches that plague molecular interpretation of iguanid phylogeny extend to osteological data sets as well (Conrad and Norell 2007; ).
The possibility of dispersal across Beringia or the North Atlantic during the Paleocene-Eocene thermal maximum must also be considered. At this time, faunal migrations of tropical species would have been possible because of climatic amelioration at northern latitudes (Macey et al. 2006; Pramuk et al. 2008) . Such a pattern has been proposed as an alternative to trans-Atlantic rafting by amphisbaenid reptiles (Vidal et al. 2008) . Interestingly, the phylogeny of Conrad and Norell (2007) suggests a panHolarctic distribution for Late Cretaceous pleurodont iguanians, if not an Asian origin of the group. Notably, an Asian source for the colonization of the Pacific by iguanids does not require the monophyly of Brachylophus ϩ Gobiguanidae. Though neither relationship implies a different terrestrial colonization route to the Pacific, the ambiguity of the sister group of Candoia (Afro-Indian Eryx discussed above or New World boines) leaves open the possibility of a terrestrial Beringian source for the ancestors of today's Pacific boines.
If the occurrence of boines and iguanians is the result of these terrestrial connections, complete extinction has taken place in Eurasia and/or Australia (with the fossil record supporting only the former) and on many islands of the Pacific for Brachylophus. Continental extinctions of tropical species might be expected with global cooling in the Cenozoic (fig. 3) , a transition from tropical to temperate climate, and possible competition with radiating lineages of pythonine snakes and agamid lizards. However, the disappearance from tropical islands having a depauperate fauna and presumably little competition is puzzling. This phenomenon may be explained, at least in part, by the history of human habitation of these islands. Fossil evidence suggests that many islands of the Pacific were rapidly depopulated of iguanas, as well as numerous other species, after human colonization (Pregill 1989 (Pregill , 1998 Steadman 2002; Steadman et al. 2002; Pregill and Steadman 2004) . These iguanas were also more diverse, including extinct species that were much larger and exclusively terrestrial (extant Brachylophus are arboreal), presumably making them much more susceptible to human predation (Pregill and Steadman 2004) . Disproportionate extinction of terrestrial relative to arboreal vertebrate megafauna hunted by early humans has been documented elsewhere in the insular Pacific (Flannery et al. 1995) . Steadman et al. (2002) argued that anthropogenic extinction of vertebrate prey is a function of island size (penetrability) and length of habitation. The larger continental fragments of the Pacific Islands, such as the Bismarck archipelago, have a far more extensive history of human presence (140,000 years; Groube et al. 1986) than do the islands of Fiji and Tonga (∼3,000 years). The faunal collapse initiated by human colonization of the latter is well documented , and many long-lived species with low fecundity (as is the case in Brachylophus) were rapidly hunted to extinction. That other Fijian lineages rarely incorporated into the human diet (e.g., Candoia) remain on islands with a long history of human habitation is then not surprising. Given that the majority of productive prehistorical archaeological sites in the Pacific that have yielded information on prehuman faunal composition occur within or adjacent to the current range of Brachylophus, the prehistoric extent of their distribution is unknown.
Our results, while not conclusively demonstrating the path to the Pacific for boine snakes and iguanid lizards, clearly demonstrate that these lineages have a remarkably long history in the region. Given this extensive history and support from recent discoveries of a diverse Asian pleurodont iguanian fauna, alternative scenarios of Asian or Australian origins are far more plausible than previously thought. With this information, a vicariant or terrestrial migration of boine snakes and iguanid lizards to the Pacific no longer lacks support; rather, the greatest vertebrate rafting event ever proposed requires further justification.
